Abstract. In order to investigate the role of the electrodes in a molecular conductor, we have studied the effects of diatomic molecules H 2 and O 2 on the eigenchannels of a nanocontact formed by two Au(100) electrodes with finite cross sections by first principles calculations combined with non-equilibrium Green's function technique. Two cases where the axes of the molecules are placed along the electrode axis and vertically to the electrode axis are studied. We find that the maximum number of the eigenchannels and their energy ranges are always determined by the band structure of the electrodes. The molecules only modify the electron transmission probability of each channel.
Introduction
The study on the transport properties of molecular conductors has attracted great attention during the past several years since it is believed that they will be good substitutes for the electronic units in future electronic circuits [1] [2] [3] [4] [5] [6] . However, most of the previous researches were focused on the characteristics and functions of the molecules [7, 8] and much less attention was paid to the roles of the electrodes [9] . We want to ask the following questions: In a molecular conductor, what is the role of the electrodes? And what is the role of the molecules? These problems are interesting and yet have not been clearly clarified.
In this work, we take the non-equilibrium Green's function method based on density functional theory to investigate the effects of single molecules on the conductance and the eigenchannels of a nanocontact which is formed by two Au(100) electrodes with finite cross sections. In doing so, we intend to know the roles the electrodes play in a molecular conductor by comparing the changes of the eigenchannels of the system before and after putting the molecules between the two electrodes. Our results demonstrate that the maximum number of the eigenchannels in a molecular conductor is determined by the band structure of the electrodes. The central molecules only change the transmission probability in each channel at different energy.
This paper is organized as follows: In Section 2 we give a brief description of the computational method and the simulation model. In Section 3 the main results and discussions are presented. A short conclusion is given in Section 4.
Computational Method and Simulation Model
Our investigation is based on a recently developed selfconsistent first-principles technique which combines the Keldysh nonequilibrium Green's-function formalism (NEGF) with a self-consistent density-functional theory (DFT). The package we use is the TranSIESTA-C, which incorporates the NEGF technique into the well tested SIESTA [10] method to realize the simulation of electrical transport in molecular conductors under nonequilibrium situations. The technical details of this method have been presented elsewhere and we refer interested readers to them [5] .
The model structure we study is constructed as follows: we put two Au (100) 
Results and Discussions

The band structure of the electrodes
To get information about the electrodes, we firstly present the band structure of the electrodes along z direction (see Figure 2 Careful analysis shows that each channel corresponds to a band of the electrodes. We can see that the energy ranges and the degeneracy of the eigenchannels (Figure 2(b) ) are completely the same as those of the bands of the electrodes (Figure 2(a) ). For example, the third and fourth channels are double degenerate (Figure 2(b) ). The third and fourth bands are also degenerate (Figure 2(a) ). On the contrary, not each band corresponds to an eigenchannel. For example, the eighth and the ninth bands have no contribution to the conductance. However, if the vacuum gap is replaced by a 5-atom layer, the conductance of such a periodic structure is 3G 0 . Here 3 is exactly the number of the bands crossing the Fermi level. Now, the eighth band contributes 1G 0 to the total conductance. Therefore, in a periodic structure, each band corresponds to an eigenchannel, but when a vacuum gap is inserted, the periodicity of the system is broken, and some channels are blocked.
the effects of single molecules
We just take the H 2 and O 2 molecules as examples to investigate the effects of single molecules on the conductance and eigenchannels. Because many relative orientations to the electrodes may exist for the molecules, we inspect only two most typical configurations. One is that the molecule axis is parallel to the electrode axis(p) and the other is that the molecule axis is vertical to the electrode axis(v). Since the bond length of the molecule may change when they are put between the electrodes, we relaxed these molecules before the conductance and the eigenchannels were calculated. The results show that the conductance has been decreased to 0.26G 0 (v) and 0.27G 0 (p) for the H 2 case and has been increased to 0.74G 0 (v)and 0.56G 0 (p)for the O 2 case. Their eigenchannels are given in Figure 3 and Figure 4 . For both the H 2 and the O 2 cases (see Figure 3 and Figure 4 ), when the molecules are parallelly placed, no changes happen to the energy ranges, the degeneracy and the number of the eigenchannels. However, when the molecule is vertically placed, the degeneracy of the third and the fourth channels is broken now. In fact, the breaking of the degeneracy comes from the breaking of the symmetry of the system in the xy plane. But the energy ranges and the number of the eigenchannel are still the same. In addition, in the oxygen case, we see that a new channel appears now. This seems a completely new channel caused by introducing O 2 molecule. However, a careful analysis shows that the energy range of this channel is just the same as that of the unmarked band (Band 8) of the electrodes that crosses the Fermi level. Thus, the O 2 molecule introduces a transition of the original channel corresponding to Band 8 from being closed to being open.
Therefore, the maximum number of the eigenchannels in a molecular conductor is always determined by the band structure of the electrodes. The central molecules only modify the electron transmission probability of each channel. This is easy to understand: each electron transmitting the device comes from a Bloch state deep in the electrodes. Consequently, the band number of the electrodes will determine the maximum number of the eigenchannels of a device. The orbital symmetry of some bands and the coupling of these bands with the molecular orbitals of the central molecule may decide whether these bands are beneficial for the transmission of the electrons or not. As a result, some channels corresponding to the bands with a poor coupling to the orbitals of the molecules are closed, whereas in some other cases, the coupling between these bands and the orbitals of the molecule may make these channels open again. 
Conclusion
In summary, we have studied the effects of H 2 and O 2 molecules on the eigenchannels of a Au(100) nanocontact with finite cross sections. Except that the transmission probability and the degeneracy of the eigenchannels are possibly changed by molecules, each channel always corresponds to a band of the electrodes. The results clearly show that the maximum number of eigenchannels of a molecular conductor is determined by the band structure of the electrodes. The central molecules only modulate the electron transmission probability of each channel.
